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ABSTRACT

 	 Chromium, nickel, copper and lead are the most important and widely used toxic heavy metals in electroplating, chemical industries which make them important heavy metals to be considered. Therefore it is necessary to develop an efficient process for the treatment of the industrial effluents bearing these heavy metals for their recovery. A variety of separation techniques have been employed for treating heavy metal containing wastes. Liquid-liquid extraction (LLE) and liquid membrane (LM) technologies have gained considerable interest. LM is water insoluble organic liquid, which separates two aqueous phases namely feed phase, initially containing the desired solute and a recovery or stripping phase into which the solute is extracted. 

	In the present work, transport studies of Cr(VI), Ni2+, Cu2+ and Pb2+ ions from an aqueous feed solution through a flat type SLM was carried out. The influence of pH on the source phase, effect of concentration of receiving phase, stirring speed, effect of initial metal ion concentration, feed to strip ratio and influence of support characteristics were studied. The stability of the developed SLM was also determined for the reuse of SLM.

	The preliminary LLE of Cr(VI) revealed that the maximum extraction efficiency of Cr(VI) was at pH 1.0  0.1 using tetrabutyl ammonium bromide (TBAB) as carrier in dichloromethane diluent. Sodium hydroxide (0.1 M) as a stripping reagent completely stripped the extracted Cr(VI) ions from the organic phase.  
	
	The SLM study results indicated that the aqueous feed Cr (VI) at pH 1.0  0.1, was found to have high permeability. Polytetrafluoroethylene (PTFE) with 1.0 m pore size was found to have more flux than 0.5 m membrane. The initial feed phase Cr(VI) concentration of 9.61  10-4 M 
(50 mg/L) can be completely extracted and stripped with 0.5 M NaOH as stripping solution at the stirring of aqueous solution at 500 rpm. After ten transport studies with one impregnation of TBP carrier, PTFE membrane retained the same transport ability. Under optimum conditions, real plating wastewater was tested and flux value of 14.0  10-4 mol.m-2.s-1 was obtained.
	The recovery of Ni2+ ions was carried out using 2-(ethylhexyl) amine (2EHA) as carrier, ammonia – ammonium chloride buffer at pH 9.0 as stripping solution. The results revealed that at high Ni2+ concentrations (above 150 mg/L) in the feed phase, flux value (JNi =11.2  10-7 mol.m-2.s-1) is less dependant on the Ni2+ ions concentration. In enrichment studies, the flux value remains constant at J = 9.7  10-7 mol.m-2.s-1, when the concentration of Ni2+ ions present in the feed phase was 8.5  10-4 mol/L. The developed system has an ability to selectively separate Ni2+ from plating wastewater. 
	Coconut oil, a natural vegetable oil that is renewable and non-toxic was used as the diluent in the SLM system for the first time. It was studied for the removal and recovery of Cu2+ and Pb2+ from aqueous solution using 
di(2-ethylhexyl) phosphoric acid (D2EHPA) as carrier.
	The permeation of Cu2+ from its aqueous solution through an SLM containing D2EHPA carrier in coconut oil diluent and sulphuric acid as the stripping reagent was carried out. The results revealed that increase 
in Cu2+ ions concentration in the feed leads to an increase in flux from 
4.1  10 -9 to 8.9 ×10−9 mol.m-2.s-1 within the Cu2+ ions concentration range 
(7.8 to 78.6) × 10−4 mol/L at a pH of 4.0 in the feed phase and 12.4  10-4 mol/L D2EHPA in the membrane phase. Increase in H2SO4 concentration up to 0.25 M in strip solution resulted in an increase in Cu2+ ions flux, providing a maximum flux of 7.4 × 10−9 mol.m-2.s-1. The optimum conditions for Cu2+ ions transport were found as: pH of feed 4.0, 0.25 M H2SO4 in strip phase and 12.4  10-4 mol/L D2EHPA in 0.5 m pore size PTFE membrane. Application to copper plating bath rinse solutions revealed more than 99.9% removal of Cu2+ ions. 
	The transport of Pb2+ ions in SLM at feed pH 4.0 and 0.2 M acetic acid as effective stripping reagent, when the membrane phase consists of D2EHPA as carrier in coconut oil had mass transfer coefficient of 3.9  10-6 m/s. The thickness of the aqueous diffusion layer (daq) was found 
to be 0.78  10-4 m. The D2EHPA - coconut oil membrane stability was considerably stable up to hundred hours with uphill ability. The fabricated SLM was tested for its applicability to remove Pb2+ from real battery industry wastewater and satisfactory results were obtained. 




